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THE  MECHANISM  OF  THE  ABDERHALDEN  REACTION. 
STUDIES ON  IMMUNITY.  I.* 
BY J.  BRONFENBRENNER,  PH.D. 
(From the Pathological and Research Laboratories  of the  Western Pennsylvania 
Hospital,  Pittsb,,rgh.) 
The  specificity  of  the  Abderhalden  test  has  been  established  by 
a  large  number  of  investigators  who,  in  compliance  with  Abder- 
halden's  request,  worked  at  the  test  until  they  succeeded  in  obtain- 
ing  the  desired  results.  On  the  other  hand,  many  other  investi- 
gators have,  on the basis  of their experiments,  questioned  the  speci- 
ficity  of the  test.  From  the  beginning  Abderhalden  and  his  pupils 
claimed that  faults  of technique  were  responsible  for the  failure to 
obtain  satisfactory  results,  but  the  work  of  many investigators  has 
shown  that  the  reaction  is  no  more  difficult  than  other  serological 
tests,  and that,  therefore,  the  explanation  of  the  differences  of  the 
results  must  be  looked  for  in  other  directions. 
Several  communications  have  recently  appeared  which  attempt  to  find  an 
explanation for the discrepancy  of the results obtained.  Flatow  (I, 2, 3), Herz- 
feld  (4),  Kjaergaard  (5),  Plaut  (6),  and  others  reported  that  specific results 
can be obtained ,by proper manipulation  of the material,  and that one can manipu- 
late the  Same material so as to obtain  a  positive  or negative Abderhalden  reac- 
tion with any serum.  Flatow  (3)  concludes,  for instance,  that hardly any serum 
will  fail to cleave placenta  or lung tissue, provided a proper quantity of the sub- 
stance,  however well controlled,  is taken. 
These investigations  throw a new light upon the complexity of the nature of 
the Abderhalden reaction,  or at least they show  conclusively  that while  the reac- 
tion  may be relatively specific within  certain  quantitative limits,  it ceases  to  be 
so outside  of these limits,  depending  entirely on mechanical  adsorption.  Whether 
or not these experiments can sufficiently explain all the discrepancies  in the results 
of various investigators,  they show  that  certain quantitative manipulations  may 
bring  about  phenomena  closely  resembling  the  Abderhalden  reaction  in  a  non- 
specific way, thus questioning  the basis  of the A~bderhalden theory, according to 
which  the cleavage  products appear solely as a result of the  specific digestion  by 
ferments. 
The experiments of de Waele  (7)  especially throw doubt  upon  the specificity 
of the ferments on which the Abderhalden test is supposed  to  depend.  He suc- 
* Received  for publication,  December 17,  1914. 
221 222  Mechanism of Abderhalden  Reaction. 
ceeded  in  demonstrating the  presence  of  the  substances  responsible  for  the 
Abderhalden  reaction  a  few  minutes after  the  parenteral  introduction of  the 
foreign protein, an interval hardly sufficient  for  the production of  new  specific 
ferments.  These results eorro%orate  the previous findings of  Heilner and Petri 
(8),  who  concluded from  th  e  rapidity with  which  the  ferments appeared  as  a 
result of the parenteral introduction of the protein that this must be a  case  not 
of new formation of such  ferments but of  specific activation, "Arteinstellung," 
of preexisting ferments,  de Waele, indeed, suggests the identity of this ferment 
with ~mtithrombin. 
Apart  from  the  explanation of  the  Abderhalden  reaction  on  the  basis  of 
mechanical adsorption and of  activation of  preexisting ferments,  a  number of 
investigators attempted to study the phenomena underlying the Abderhalden test 
from  the  standpoint of  immunity.  Since  it  was  established  by  several  work- 
ers that  the  complement played an  important part  in the  reaction, the  simplest 
explanation of the Abderhalden test would be the identification of the substances 
responsible for the specificity of the Abderhalden test  with the anti,bodies.  No 
definite proof, however, of such an identification has been offered  in the numer- 
ous publications on the subject.  At the same time,  Abderhalden states definitely 
that  upon the  parenteral introduction of  foreign protein, independently of  any 
antibody that  may be produced  simultaneously, specific  protective  ferments  are 
formed.  In fact,  the experiments of Weinland (9)  and of Abderhalden and his 
pupils seem  to  show  that  the  production of  specific  ferments is  an  even more 
general process  than the production of antibody.  For whereas  antibody can be 
demonstrated in the  cases  of  parenteral  introduction of  substances  of  animal 
or plant protein origin only, provided this protein is foreign to the species,  it is 
claimed that  the  specific  ferments  have  been  demonstrated  not  only upon  the 
parenteral  introduction of  such  substances, but  also  upon  that  of  proteins  of 
homologous and even autogenous nature, provided these  substances are  foreign 
to  the  blood  (" blutfremd").  Moreover,  the  parenteral  introduction  of  sub- 
stances like gelatin, pepton, cane sugar, or casein  (Io)  is proved by the Abder- 
halden school  to  produce specific  ferments capable  of  attacking said  substances 
both in vitro and in vivo.  Thus the group of sttbstances  which can play the part 
of  antigen in the production of  antibody is  included in that  of  the  substances 
capable  of causing the production of specific ferments, ,but is only part of it. 
Another apparently fundamental difference between the nature of  antibodies 
and specific ferments {s the mode of their action.  The antibodies, although di- 
rectly responsible for the specificity  of the protective processes  in the body through 
their property of anchoring the antigen, do not in themselves present any active 
principle, and it is to  the complement that  Ehrlich and his  school  attribute the 
property of acting upon the antigen.  The protective  ferments of  Abderhalden, 
however,  are assumed to possess  the property of  directly digesting the antigen, 
and it is on the appearance of the products of direct digestion in vitro that the 
diagnostic method of Abderhalden is based. 
The experiments of Stephan (Ix), Hauptmann (I2), Bettencourt and Menezes 
(i3) , however, seem to show  that the digestive ferment in the Abderhalden test, 
whether  specific  or  not in its  nature, after having been inactivated by heating 
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(complement).  These  experiments  seem to be of  fundamental  importance,  and, 
if definitely established,  would  offer a  definite  proof  of  the  striking  parallelism 
between  the  Abderhalden  and  immunity  reactions  in  general.  The  part  played 
by complement was also noticed by Kumagai  (14)  who succeeded in reactivating 
inactive  serum containing  invertin  by  the  addition  of the  serum  of  normal  ani- 
mals, but his  results  were questioned by Abderhalden  and  Wildermuth. 
The  importance  of  the  question  of  the  part  played  by  complement  in  the 
Abderhalden  reaction  is  fully  appreciated  by  Abderhalden.  Referring  to  it  he 
says  (I4) : 
"Nothing  would  be  more  unjustified  than,  on  account  of  this  parallelism, 
quickly to invest all the results obtained with names  from the realm of immunity. 
For  analogous  phenomena  need  not be  identical;  moreover,  complement,  ambo- 
ceptor,  etc.,  are  terms  of  which,  in  rare  cases  only,  we  have  as  yet  a  clear 
conception." 
Thus Abderhalden, without denying the part played by complement in the test, 
hopes to be able to find an explanation  for this without identifying his protective 
ferments with the antibodies of Ehrlich. 
EXPERII~ENTAL  PART. 
Before  entering  upon  the  specific  problem  under  investigation 
I repeated some of the fundamental experiments.  First I attempted 
to establish by experiment the specificity of the Abderhalden test in 
general.  For  this  purpose  two  sets  of  experiments  were  under- 
taken,  one with human sera,  mainly  from  cases  of  pregnancy,  in 
which  the  specific  ferments  of  Abderhalden  were  supplied  by 
patients' sera; the other with animal sera in which the specific fer- 
ments  were  produced  experimentally previous  to  the  actual  test. 
My results with the Abderhalden test were strictly specific  (table I), 
like those  reported by many other  workers.  I  adhered  closely in 
all details to the technique described by Abderhalden  (15),  with a 
few modifications suggested in the current literature of the subject, 
which I  adopted after many preliminary experiments. 
Technique  of  the Abderhalden  Test.  I.  Serum.--In  cases  of  both  pregnant 
and normal individuals the serum was  taken before breakfast  to avoid excess of 
amino  acids  in  the blood.  The  blood  was  collected  from  the  median  vein into 
a  large  sterile Luer  syringe,  and  immediately transferred  into  sterile  centrifuge 
tubes  coated  on  the  inside  with  paraffin,  according  to  Bronstein  (I6),  and  cen- 
trifuged  at  4,ooo  revolutions  per  minute;  the  serum  was  separated,  centrifuged 
a  second  time,  and  placed  in  the  ice  chest.  The  whole  process  takes  one  and 
one half  to two hours. 
With  animals  the serum  was  taken  from the  carotid  artery.  The  blood  was 
collected  directly  into  a  test-tube  drawn  out  at  its  bottom  into  a  narrow  point 
which served as a  cannula and was directly forced through  the arterial wall. 224  Mechanism of Abderhalden Reaction. 
II.  Substratum.--Fresh  human placenta within two or three hours after deliv- 
ery  was  washed  through  the  umbilical  vein  by  turning the  running  water  into 
the blood vessel until the water was absolutely clear  (I7) ;  then the placenta was 
carefully  dissected  and  all  the  vessels  and  connective  tissue  were  removed,  as 
directed  by  Abderhalden.  The  remaining  placenta  tissue  was  cut  in  very  small 
pieces  by  means  of  a  Latapie  grinder  and  placed  into  a  deep  precipitating  jar 
with a  large amount of distilled water into which one drop of glacial acetic acid 
was  added  for  each  liter  of  water. 1  The  tissue  was  energetically  stirred  up, 
allowed  to  settle  out,  and  the  supernatant  fluid  was  siphoned  off  and  replaced 
with a  new  portion  of  distilled water;  acetic  acid  was  added  as  before,  and  the 
whole was again stirred with a  glass rod  for two to  five minutes.  This  washing 
with slightly acidified water finally removed all the remaining blood and the pla- 
centa  tissue  became absolutely white.  Then  it  was  transferred  to  boiling water 
and  treated  according to  Abderhalden's  method.  Prepared  in  this  way  placenta 
often  gave  no  ninhydrin reaction  after  the  first  boiling;  if  it  did,  however,  the 
boiling was  repeated  until the boiling water contained no  more  substances  react- 
ing with  ninhydrin.  Then the placenta  tissue  was  aseptically  transferred  into  a 
sterile bottle with sufficient toluol over it to allow the stopper to touch  it. 
With guinea pig placenta washing through the umbilical vein was  omitted  on 
account of  the  small size of the organ.  The whole  placenta  was  simply  washed 
for some time in running water,  and sterilized by ultraviolet light to  remove the 
bacteria  from  the  surface  of  the  organ.  After  this  washing  the  placenta  was 
dissected and treated as above. 
HI.  Dialyzing  Thimbles.--Thimbles  of Schleicher and Schiill, No.  579 A, were 
used.  To  insure  their impermeability to  serum  and their permeability  to  pepton 
and  amino  acids,  they were  tested  according to  Abderhalden's  method,  with  the 
following  slight  modification.  A  serum  of  normal  individuals  was  dialyzed 
against running sterile salt solution to insure the absence of dialyzable substances 
in  this  serum  (19,  2o),  and  1.5  c.c.  of  the  serum  were  placed  into  each  thimble 
of  the  series,  and  the  thimbles  treated  further  exactly  as  described  by  Abder- 
halden,  except  that instead  of  using small Erlenmeyer  flasks  it  was  found  pref- 
erable  to  use  small  bottles  as  containers  for  the  thimbles.  Their  size  was  so 
selected  that  the  height  of  the  layer  of  distilled  water  outside  and  inside  the 
thimble  was  nearly  the  same,  in  order  to  prevent  the  evaporation  through  the 
wail of the thimble, which might be caused by the difference of the levels in and 
outside of the thimble. 
IV.  Test Proper.--This was,  as  a  rule,  carried  out within five to  eight  hours 
after the collection of the blood.  Though experimentally no  difference has been 
found  (2i),  yet  in  compliance  with  Abderhalden's  request  only  sera  absolutely 
free  of  hemoglobin  were  used.  The  test  was  carried  on  in  the  way  originally 
described  by  Abderhalden,  with  the  exception  of  controls,  which  were  made  as 
follows:  A  thimble  was  set  up  with  placenta  covered  with  S  c.c.  of  distilled 
water,  and another thimble with 1.5 c.c.  of the patient's serum and distilled water 
only,  both thimbles being placed  in  one  bottle of  slightly  larger  size  containing 
1 Lange  (18)  recommends  washing  in  salt  solution,  claiming  that  the  water 
leaves erythrocytic stromata in the placenta.  This  was,  however,  not  found nec- 
essary,  as  no  stromata could  be found  in  the placenta upon  careful  examination 
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30 c.c.  of  sterile distilled water  (22).  This  control  was  found  better  than  sepa- 
rate placenta and  serum controls as described by Abderhalden,  because it showed 
whether  the  combined  dialysates  of  serum and  placenta  gave the ninhydrin  test. 
The  results  obtained  with  this  technique  in  the  preliminary  ex- 
periments  mentioned  above  are  given  in  table  I. 
TABLE  I. 
Specificity  of the Abderhalden  Reaction. 
Human  pregnant serum ......... 
Human  male serum ............ 
Guinea pig pregnant serum ...... 
Guinea pig male serum ......... 
Rabbit 75, female .............. 
Rabbit 76, male  ............... 
Rabbit 77, male  ................ 
Rabbit 8o, male  ............... 
Rabbit 81, male ................ 
Rabbit 83, female  .............. 
No  serum ..................... 
Human 
placenta. 
+ 
¥ 
¥ 
Boiled proteins  used as substrata. 
Human 
liver. 
Guinea 
pig 
placenta. 
Egg- 
white. 
m 
M 
m 
+ 
+ 
+ 
Beef  No substra- 
serum.  I  turn. 
i 
--  I  -- 
1 
+  - 
+  - 
+  - 
Tests  for  sterility were  made  from the  contents  of  each thimble  at  the time 
when the dialysate was  tested. 
The  rabbits  from  which  the  serum  was  taken  for  the  experiment  (table  I) 
were immunized by repeated  injections of egg-white diluted to  3o per cent.  with 
salt  solution  by  combining intravenous  with  intraperitoneal  inoculations,  so that 
on each of the dates stated below each rabbit  received 5 c.e. of 30 per cent.  egg- 
white intraperitoneally,  and  ten  minutes  later  2 c.c.  intravenously. 
INOCULATION  WITH  EGG-WHITE. 
Rabbit  75  injected  on  Feb.  22,  26,  Mar.  2,  6,  IO,  14,  18.  Bled  Mar.  27. 
Rabbit  76  injected  on  Feb.  26,  Mar.  2,  6,  IO,  14,  18,  22.  Bled  Mar.  31. 
Rabbit  77  injected  on  Mar.  2,  6,  IO,  14,  18,  22,  26.  Bled  Apr.  4, 
Rabbit  78  injected  on  Mar.  6,  IO,  14,  18,  22,  26,  3o.  Bled  Apr.  8. 
Rabbit  79  injected  on  Mar.  IO, 14,  18, 22,  26,  30,  Ap:r.  3-  Bled  Apr.  12. 
Nine days  after  the last  inoculation  each  animal  was  partially bled  from  the 
carotid  artery,  after  having been  kept  without  food  for  six  hours.  The  serum 
of  each  animal  was  separated  into  two  portions,  one  of  which  was  used  for 
determining the precipitating power of the serum,  as  a  control  showing that  the 
immunization  was  successful;  the  other  was  used  for  the  Abderhalden  test  as 
described  above.  2 
2 It was  found  necessary,  on  account  of  the large  amount  of  amino  acids  in 
the blood of rabbits,  to dialyze the Mood against running  salt solution before the 
actual test, according to Schlimpert and Issel  (I9),  and Abderhalden and Wilder- 
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In  a  similar  manner  another  series  of  rabbits  was  immunized  against  beef 
serum,  with 3 c.c. of serum for each intraperitoneal,  and 1.5 c.c. for each intrave- 
nous  inoculation. 
INOCULATION  WITH  BEEF  SERUM. 
Rabbit 8o  injected  on Feb.  24, 28,  Mar.  4,  8,  I2,  16,  2o.  Bled  Mar.  29. 
Rabbit 8I  injected  on  Feb.  28,  Mar.  4,  8,  12,  I6, 20,  24.  Bled  Apr.  2. 
Rabbit 82  injected  on Mar.  4,  8,  I2,  I6,  2o,  24,  28.  Bled Apr.  6. 
Rabbit 83  injected  on  Mar. 8,  I2,  I6, 2o, 24,  _08, Apr.  I.  Bled  Apr.  IO. 
Rabbit 84 injected  on Mar.  I2,  I6, 2o, 2,4, 28,  Apr.  I, 5.  Bled  Apr.  I4. 
Nine days after the last injection  each  rabbit was  bled and the serum exam- 
ined  exactly like  that  of the previous series,  beef  serum being  used  instead  of 
egg-white in the precipitation  as well as in the Abderhalden test. 
The sera of the rabbits of each group gave a  specific Abderhalden 
reaction.  The  results  of  the  precipitation  test  showed  at  the  same 
time  that  the  sera  of  these  rabbits  contained  a  high  concentration 
of antibodies.  It would seem, therefore,  according to  Abderhalden, 
that parallel with the production of antibody these rabbits developed 
specific  ferments  capable of digesting  in vitro  coagulated egg-white 
and  beef  serum,  respectively.  For  as  neither  the  serum  nor  the 
substratum,  when  placed  in separate  thimbles,  contained  any traces 
of  dialyzable  substances  (table  I),  the  appearance  of  these  sub- 
stances  was  made  possible,  apparently,  only  as  a  result  of  the 
cleavage  of  one  or  both  of  the  proteins  concerned,  occurring  as  a 
consequence  of  their  interaction.  The  fact,  however,  that,  on  the 
one  hand,  the  combination  of  pregnant  or  immune  sera  with  their 
corresponding  substrata  caused  the  appearance  of  dialyzable  sub- 
stances  reacting  with ninhydrin,  while,  on the  other  hand,  the  com- 
bination  of the  same sera  with  the  same substrata,  when  attempted 
irrespective  of  specificity,  was  not  followed  by  the  appearance  of 
these  substances  in  the  dialysate  (table  I),  seems  to  indicate  that 
the  cleavage  of  protein  in  the  Abderhalden  reaction  is  induced  by 
some  specific  mechanism.  This  mechanism,  according  to  Abder- 
halden,  is  the  digestion  of  the  substratum  by the  specific  ferments 
of the serum. 
In  order  to  see  if  immune  sera  in  addition  to  the  antibody  ac- 
tually  contain  such  specific  ferments  capable  of  directly  digesting 
the  substratum,  the  following  experiments  were  undertaken. 
Mar. 3L  One rabbit of the series  immunized  against egg-white  was bled and 
its serum separated and tested  for the  ferments it contained  by dipping  a  small J.  Bronfenbrenner.  227 
capillary tube  (Mett)  filled  with  coagulated egg-white directly into the  serum; 
another portion of the  same serum was placed  in  a  dialyzing  thimble  together 
with about o.5 gm. of coagulated egg-white. 
After  sixteen  hours'  incubation  in  the  thermostat,  the  Mett 
tube  was  examined  and  it  was  found  that  no  visible  digestion  of 
egg-white had taken place, whereas the Abderhalden test made with 
the  same  serum  and  coagulated  egg-white  as  substratum  gave  a 
positive reaction. 
Apr.  2.  Rabbit 8I  from the  series  immunized  against  beef  serum was  bled 
and the serum examined directly for proteolytic ferments by the following method. 
A  regular beef serum medium was  prepared,  placed  in  small  Petri  dishes,  and 
solidified  in  the  inspissator  (Loeffier), and  several drops  of the  serum of  im- 
munized  rabbits were placed on the surface of the coagulated beef serum. 
If the  serum  of  the  rabbit  had  contained  specific proteolytic  fer- 
ments, it would have digested  the beef serum,  and  at the end of di- 
gestion  a  small  hollow  should  have  been  found  under  each  drop. 
At the end of the experiment, however,  it was  found that the serum 
of the immunized rabbit left no signs of digestion of the beef serum 
as tested  by the  direct method,  whereas  again  the  Abderhalden  test 
made with the same serum and coagulated beef serum as substratum 
gave a  positive reaction2 
Thus  the  experiments  suggest  that  it  is  impossible,  at  least  by 
the method used,  to demonstrate  any direct digestion  of substratum 
by the,ferments of the serum.  Nevertheless, the same sera, as men- 
tioned  above,  gave a  positive  Abderhalden  test,  or,  in  other  words, 
the  union  of  each  of  these  sera  and  their  corresponding  substrata 
resulted  in  the  appearance  of  dialyzable  cleavage  products  reacting 
with  ninhydrin.  If,  as  suggested  by  these  experiments,  the  fer- 
ments  of  the  serum  did  not  digest  the  substratum,  the  dialyzable 
substance  in  the  above experiments  must have  originated  from the 
8 This experiment,  as  well as the one immediately preceding,  of Mar.  31,  in 
whi.ch the  digestion  of the substratum by the  specific ferments of the  serum is 
tested directly,  is, of course, not considered  adequate to decide the question  defi- 
nitely,  since the method  used  is quite  crude.  However, it was thought advisable 
to perform this  experiment mainly because  of the  fact that lately Abderhalden 
(23)  considers  that he has definitely established  the fact of such direct digestion 
of the  substratum by the  use of a  very similar  method.  Namely, he  used  for 
the test a coagulated placenta  tissue,  which  was previously stained  with  carmin, 
and the diffusion  of the stain  during the test he took as  a  definite  proof of the 
actual  digestion  of the coagulated  placenta  tissue  by the  ferments of the serum. 228  Mechanism of Abderhalden Reaction. 
serum itself,  as  the only other source of protein  cleavage present. 
That  the  substratum  is  not  digested  in  the  Abderhalden  test  and 
that the appearance of ninhydrin-reacting substances in the dialysate 
is due to the autodigestion of the serum is more conclusively shown 
in the following experiment. 
3  c.c.  of pregnant  serum were  placed  in a  centrifuge tube  together  with  I  gm. 
of  boiled  placenta  protein,  and  a  sufficient amount  of  distilled  water  was  added 
to  cover  the placenta.  The  contents  of  the tube  were  covered  with  a  thin  layer 
of  toluol,  stoppered  with  a  cork,  and  put  into  the  ice  box  (table  II,  A).  Par- 
allel with this,  1.5  c.c. of the same serum with placenta were  placed  in a  dialyzing 
thimble  and  suspended in  a  bottle  with  distilled  water,  as  for  a  regular  Abder- 
halden test,  with  the only  difference that  instead  of  placing it  in  the thermostat, 
it  was  put  into  the  ice  box  (table  II,  B).  As  a  control,  an  exact  duplicate  of 
these was put up,  with  male instead of pregnant  serum  (table  II,  C  and  D).  In 
addition  to  these  another  control  was  made by  placing  5  c.c.  of  I  per  cent.  silk 
pepton  in  a  dialyzing  thimble  (table  II,  E).  At  the  end  of  sixteen  hours  the 
results tabulated  below  were  obtained. 
TABLE  II. 
The  .4bderhalden  Reaction  Is Arrested  at  o °  C. 
3Pregnant h  uma  ....  m..  .  N .... I male serum, 
3  c.c. serum,  1.5 c.c. serum,  I  3 c.c. serum,  1.5 c.c. serum, 
I  gin. placenta,  o.5 gin. placenta,  i  gin. placenta.  0.5 gm. placenta. 
at o°C. for 16 hrs. at o°C. for I6 hrs.lat o°C. for 16 hrs.  at o°C. for I6 hrs. 
--  Contents  centri-  Ninhydrin test  Contents  centri-  Ninhydrin test  fuged and serum 
fuged and  ser- 
um  separated  separated  and 
and divided in  divided  in  two 
two  parts  parts  (table 
(table III).  /  III). 
A  /  C  D 
Control. 
5 e.e.  1% silk 
pepton. 
In thimble 
at o°C. for 16 hrs. 
Ninhydrin test 
+ 
E 
While  the  dialysate  from  the  pepton  gave  a  positive  ninhydrin 
reaction  (table  II,  E),  showing  that  dialysis  was  not  arrested  at 
o °  C.,  the  Abderhalden test  with  both  pregnant  and  normal  sera 
gave  negative  results  (table  II,  B  and  D),  which in  view  of  the 
findings  with  the silk  pepton  meant  that  no  dialyzable  substances 
were  formed in  the thimbles  with  pregnant  as  well  as  with  male 
serum at o °  C. 
Having thus ascertained that the digestion did not occur on  ice, 
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serum respectively  (table  n, A  and C)  were removed and the con- 
tents  of  the tubes  centrifuged at  high speed.  4  After  ten  minutes' 
centrifugation the serum  was  separated  from  the placenta  in  each 
tube and  equally distributed  into  two thimbles each  (table  III,  A' 
and A",  C' and C").  These were placed in bottles containing dis- 
tilled water, the fluid inside and outside of the thimbles was covered 
with toluol, and one of each set of the bottles  (table III, A' and C') 
placed in the ice box, the other  (table III, A"  and C")  in the incu- 
bator.  At the same time the thimbles containing a  regular Abder- 
halden test  were  transferred  to  the  thermostat  5  (table  III,  B  and 
D).  After sixteen hours' incubation at 37 ° C. a  ninhydrin reaction 
was made with each dialysate,  and  the results  obtained were  those 
tabulated  below. 
TABLE  III. 
The Appearance of Dialyzable Substances in Pregnant  Serum after the Removal 
of Placenta. 
Serum A of table n.  Thimble B of  Serum C  of table II.  ThimbIe D  of 
table II.  table II. 
1.5 c.c. in  1.5  e.c.  in  Transferred to  1.5 c.c. in  1.5 c.c. in  Transferred 
thimble on ice thimble at37 ° 37 ° C. for I6 hrs.  thimble on ice thimble at37 c to 37  ° C. for x6 
for I6 hrs.  C. fO  r  I6 hrs. in  fresh  distilled for ~6 hrs.  C. for I6 hrs. hrs.  in  fresh 
water,  distilled water. 
Ninhydrin 
test 
A' 
Ninhydrin 
test 
+ 
A" 
Ninhydrin 
test 
+ 
B 
Ninhydrin 
test 
C' 
Ninhydrin 
test 
C" 
Ninhydrin 
test 
D 
Thus  it  seems  that  by  allowing the  pregnant serum  to  combine 
with placenta at a  low temperature  (table II, A  and ]3)  it was pos- 
sible  to  resolve  the  Abderhalden  test  into  two  phases,  indicating 
that  it  is  not a  simple but a  composite reaction.  The  experiment 
above  shows  that  dialyzable  substances  appear  only  in  the  second 
phase  of  the  reaction,  after  the  placenta  has  been  removed  (table 
III,  A").  The  fact,  moreover, that their  appearance  followed the 
combination  of  pregnant  serum  and  placenta  only  after  such  a 
4 In order  to  retain  the  low temperature  the  tubes  were placed  in  large  cen- 
trifuge  cups  and  packed  around  with  ice. 
5 Before  transference  to  the  thermostat  the  liquid  outside  of  the  thimbles, 
partly used  for the ninhydrin test,  was brought up  to  its  original  volume, 2o  c.c., 
with distilled  water. 230  Mechanism of Abderhalden Reaction. 
serum, separated  from placenta, was  incubated at 37 °  C.,  and that 
they did not appear at o ° C.  (table III, A')  suggests that the dialyz- 
able substances  during the second phase  result  from the autodiges- 
tion of the serum and not from the digestion of the placenta. 
That autodigestion occurred only in the case of pregnant  (table 
III,  A")  and  not  in  the  case  of  normal  serum  (table  III,  C") 
treated in exactly similar  fashion could be explained in  two  ways. 
First  it may be assumed that  pregnant serum may possess  proteo- 
lytic ferment, which normal serum does not contain;  or again  the 
difference could be explained by the assumption that both pregnant 
and normal serum possess the proteolytic enzyme, but that it is pre- 
vented from its  action by some inhibiting elements which in  preg- 
nant  serum are  removed, and  in  normal serum are not.  The  ex- 
periments of Schwartz  (24)  seem to support this  latter view.  Ac- 
cording  to  him  every serum  possesses  proteolytic  ferments  which 
are prevented from their digestive action by the antitryptic proper- 
ties of the lipoid fraction of the blood. 
Recently the experiments of Plaut  (6),  Peiper  (25),  and others 
seem to strengthen further this view, as these authors actually suc- 
ceeded in  bringing about  autodigestion in  any serum by the addi- 
tion  of  substances  such  as  kaolin,  barium  sulphate,  talcum,  infu- 
sorial earth, and starch. 
Independently of the question whether the conclusion drawn by 
these  authors,  that  the  Abderhalden test  is  therefore non-specific, 
depending  merely on  physical  adsorption,  is  correct or  not,  their 
findings seem to be of sufficiently fundamental importance to repeat 
their  experiments.  Although  I  was  not  able  to  confirm all  their 
findings,  my results  led me  to  the  conclusion that  at  least  kaolin, 
barium.sulphate,  and starch induce the autodigestion of the  serum 
practically  in  every  case.  With  other  substances  the  results  ob- 
tained were quite irregular, as shown in table IV. 
The results of these experiments (table IV)  corroborate the view 
that each serum may normally contain proteolytic enzyme; and the 
effect  of  the  addition  of  the  substances  mentioned  above  can  be 
readily understood  if  it  is  assumed,  with  Heilner  and  Petri  (8), 
that some inhibiting substance normally present in the blood  is  re- 
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TABLE IV. 
Autodigestion of Serum Induced by the Addition  of Different Substances. 
Diagnosis. 
4  Tuberculosis  ..... 
4__ Syphilis  .... 
4  Cancer  ..........  --  w 
+ 
5  Pregnancy  .......  -- 
+ 
5  Normal. 
+ 
.2  Total  ............  -- 
o o, 
test.  p~lte. 
+  2 
2 
+  4 
--  0 
+  2 
2 
2 
3 
3 
2 
I3 
9 
I 
r 
0.05 gan, o.02 gin. 
kaolin,  talcum. 
4  I 
0  3 
3  I 
r  3 
3  2 
I  2 
4  I 
I  4 
4  o 
r  5 
x8  5 
4  r7 
About 
0.008 
gin. in- 
fusodal 
earth. 
X  C.C, 
o.5~ 
agar. 
2  I 
2  3 
I  I 
3  3 
I  0 
3  4 
0  1  I 
5  4 
I  I 
4  4 
5  4 
I7  x8 
x c.¢. 
s~ 
starch. 
20 
2 
o.s gin. 
pla- 
centa. 
r 
3 
I 
3 
0 
4 
5 
0 
0 
5 
7 
I5 
Serum 
alone. 
I 
3 
I 
3 
o 
4 
o 
5 
o 
5 
2 
20 
The technique  followed in the  experiment  above was that of Plaut;  namely, 
1.5 c.c of serum were placed in each thimble and the substances mentioned above 
were added.  Special  care was taken not to deposit any of the  substances on the 
sides of thimbles.  The substances used were  freshly  sterilized by dry heat, ex- 
cept placenta and starch  which were sterilized  in an Arnold sterilizer  before use. 
The  ninhydrin  test  on  the  dialysate  was  made  after  sixteen  hours'  incubation 
at 37 ° C. 
enzymes  which  may  subsequently  digest  some  part  of  the  serum. 
But while such a  hypothesis would explain the results obtained with 
kaolin,  starch,  etc.,  still  it  would  not  explain  the  results  shown  in 
table  III, where autodigestion of the  serum  seems  to be  induced by 
a  specific mechanism,  since  the  same  amount  of  placenta  sets  free 
the  ferment  in  the  specific,  but  not  in  the  normal  serum.  To  ex- 
plain  this  apparent  specificity  another  hypothesis  must  be  made; 
namely,  that  the  substratum  in  contact  with  specific  serum  is  so 
changed as  to acquire the property of adsorbing the  inhibiting  sub- 
stances,  whereas  in  contact  with  normal  serum  no  such  property 
develops. 
That  the  placenta  actually  undergoes  these  changes  as  a  result 
of  its  contact  with  pregnant serum  is  demonstrated  by the  follow- 
ing  experiment. 
Placenta  Was allowed to  remain  in contact  with  pregnant  serum  in  a  centri- 
fuge  tube  on ice  for  sixteen  hours,  as  before.  Then  the  contents  of the  tube 
were centrifuged  and  the placenta was separated  from the  serum.  The placenta 
was now  washed, suspended  in  salt  solution, and  placed in  a  dialyzing thimble, 232  Mechanism  of  Abderhalden  Reaction. 
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and  the  serum,  separated  from it,  was  placed in  another  thimble and  returned 
to  the  ice  box for sixteen  hours.  As  table V  shows, no  dialyzable  substances 
appeared  in  either  case.  If,  however,  both  thimbles were  now  transferred  to 
37  ° C., the serum, as was shown before, gave off products  of self-digestion, while 
the placenta did not show even traces  of it.  However, according to the hypothe- 
sis suggested above, such a placenta must have acquired the property of removing 
from the serum the substances inhi/biting the activity of the ferment  in the serum. 
To  ascertain  if  this  was  the  case, the  same  placenta  was  separated  from  salt 
solution  and  placed in  contact  with  fresh  male serum  in  a  new thimble  (table 
V, A).  Whereas the male serum used in this experiment, when placed in contact 
'with  fresh placenta,  gave  a  negative  Abderhalden  test  (table  V,  C),  the  same 
serum, being placed in contact with the placenta previously treated  with pregnant 
serum,  6 and  from which  all  traces  of  the  pregnant  serum  were  washed  away, 
gave a distinct ninhydrin  reaction  (table V, A). 
Thus  it seems  that the placenta is  changed by contact with preg- 
nant  serum,  so that  it  acquires  the property of removing from any 
serum the substances inhibiting the activity of its  enzymes.  Indeed 
the  same  portion  of  sensitized  placenta  is  capable  of  starting  the 
autodigestion  of  normal  serum  many  times  in  succession,  as  was 
proved by the  following experiment. 
o.5 gin. of sensitized placenta was added to 1.5 c.c. of normal  serum in a test- 
tube and placed in the ice box.  After sixteen hours' contact the serum was sepa- 
rated  from the  placenta  and  transferred  to  a  dialyzing  thimble  and placed  in 
the  thermostat.  The same portion  of the placenta was again placed with  a new 
portion  of normal  serum  in  the  ice box,  and  again  after sixteen  hours' contact 
the  serum  was  separated  and  placed in  the  thermostat.  The sera  showed auto- 
digestion, as evidenced by strong ninhydrin  tests with the dialysate. 
The  removal  of  normal  serum  from  the  contact  with  sensitized 
placenta and the addition  of  fresh portions of normal serum  to  the 
same  portion  of  sensitized  placenta  was  repeated  ten  times,  with 
the  result  that  even  the  tenth  portion  of  normal  serum  showed 
marked  autodigestion  when  placed  in  the  thermostat  after'contact 
with  the  portion  of  sensitized  placenta  used  in  the  nine  previous 
experiments,  thus  showing undoubtedly that  the  placenta once  sen- 
sitized  acquires  the  property  of  removing  the  antitryptic  constit- 
uents o£ the serum  in a  non-specific way. 
In the above experiment  it  was assumed that  the  changes under- 
gone by the  placenta  were similar  to  those  which  take  place  when 
erythrocytes  are  placed  in  contact  with  hemolytic  serum;  namely, 
61 propose to call such a placenta a "sensitized placenta," and the serum from 
which the specific properties  are removed by placenta, "exhausted  serum." 234  Mechanism of Abderhalden Reaction. 
it was assumed that the placenta was sensitized.  That such an as- 
sumption is justified can be proved by showing that pregnant serum 
actually  loses  its  specific  substances  during  contact  with  placenta 
ato °  C. 
Pregnant serum was  allowed to  remain in a  test-tube in  contact 
with placenta  for sixteen hours at o °  C.  and subsequently was  re- 
moved from the serum by centrifugalization. 
TABLE  VI. 
Exhaustion  of Antibody from Pregnant  Serum. 
1.5 c.e.  pregnant serum with 0.5 gm. placenta. 
In glass tube on ice I6 hrs. 
Centrifuged. 
Placenta  Serum 
(sensitized ? )  (exhausted ? ) 
with L5 c.c. normal serum,  with o.5 gm. fresh placenta. 
In thimble at 37  °  C. for 16 hrs.  In glass tube on ice for 16 hrs. 
Ninhydrin test 
+ 
Centrifuged. 
Placenta 
(sensitized ? ) 
with 1.5 c.c. normal serum. 
In thimble at 37 °  C. for 16 hrs. 
Ninhydrin test 
After separation  from the placenta, the serum was placed in the 
ice box with fresh placenta  (table VI).  The fact that such a serum 
was now no longer able to sensitize this fresh placenta shows that the 
specific  constituents  of  the pregnant  serum  (antibody?)  had  been 
removed from it. 
The  preceding  experiments  have  proved  conclusively  that  the 
placenta  can  unite  with  the  specific  substances  of  the  pregnant 
serum (antibody ?), thus becoming sensitized, and that such a  sensi- 
tized placenta can induce autodigestion of normal serum.  As to the 
mechanism of  this  process,  it  appears  that  sensitized  placenta  ac- 
quires the property of removing or in some other way inactivating 
the antitrypsin normally present in  the serum,  thus setting  free its J.  Bronfenbrenner.  235 
proteolytic ferments.  That such is  the case  can be proved by  re- 
turning  the  serum  antitrypsin  to  the  serum  previously  exhausted 
of  its  antitrypsin and  thus  stopping the  autodigestion.  This  can 
be accomplished by the addition of excess of normal serum  (table 
VII). 
TABLE  VII. 
Inhibition of Autodigestion of Serum by the Addition of Serum Antitrypsin. 
1.5 c.c.  1. 5 c.c.  1. 5 c.c.  1. 5 c.c.  1.5 c.c.  3. 5 gm.  5 e;c.serum  5 c.c. 
pregnant lpregnant  pregnant  pregnant  pregnant  placenta  albumen  7  ]serum 
serum,  serum,  o.5 gm.  serum,  serum,  serum  done.  alone in saltlglobulin7 
0.5 gm.  o.5 gin.  lalone,  solution,  alone in 
o.5 gin.  placenta,  placenta.  placenta.  salt  solu-  [placenta.  I 
tion. 
Placed on ice for 16 hrs. and centrifuged at end of this time. 
Supernatant fluid transferred to a  thimble and 5 c.c. of each of the indicated 
substances added. 
Sodium  Normal  Serum  Serum  Sodium  Sodium  ISodium  [Sodium 
ehlori___de_ Iserum.  lalbumen./globulin__  Ichloride.  lehloride__  Ichloride.  ]  /chl_  oride. 
After 16 hrs.' incubation at 37 ° C., the dialysates were examined for ninhydrin test. 
The work of Schwartz  (24)  suggests that the lipoid fraction is 
responsible  for  the  antitryptic  fraction  of  normal  serum.  The 
study of this  question has  been undertaken in  our laboratory  and 
the results will be  reported later.  It seems, however, certain that 
the addition of serum albumen stops the autodigestion of the serum 
in the same measure as does the addition of the whole serum, while 
the globulin fraction of the serum seems to promote the autodiges- 
tion or at least to  increase the amount of digested material in the 
dialysate. 
DISCUSSION. 
In  view  of  the  experiments  reported  above  the  fundamental 
points  of  the  Abderhalden  theory  seem  not  to  be  substantiated. 
Experimental evidence speaks against the existence of specific fer- 
ments, since  even the sera  of  highly immunized animals  failed to 
Both  serum  albumen  and  serum  globulin  were  represented  by  the  isotonic 
solutions of these substances.  The  amount  of albumen  and  globulin  in  5  c.c.  of 
the solution is equal to their respective quantities in  5 c.c. of blood serum. 236  Mechanism of Abderhalden Reaction. 
digest directly the protein used for their immunization, and shows that 
the dialyzable substances appearing during the test do not originate 
from the substratum.  It was  found, on the contrary, that the fer- 
ments  responsible  for  the  cleavage of  protein  during the  reaction 
are not specific; that they are present in every fresh male serum as 
well  as  in  female;  that  the protein attacked  by  these  ferments  is 
not that of the substratum, but that of the serum of the patient, the 
Abderhalden  reaction  thus  recording the  result  of  the  autodiges- 
tion of the patient's own serum. 
As to the mechanism of this autodigestion of the serum, the fol- 
lowing explanation can be evolved from the experiments.  Proteo- 
lytic  ferments are  present in every  fresh serum,  but are  normally 
inhibited by some antitryptic constituents of the blood.  The removal 
of  these sets  free the normal trypsin of  the blood,  which in  turn 
digests some part of the serum itself.  Such removal of the anti- 
trypsin may be accomplished in vitro by two apparently independent 
processes: one non-specific,--a simple adsorption and  filtering out 
of  the  inhibiting substance,--which  would  explain  the  results  of 
Plaut,  Peiper,  Kjaergaard,  Flatow,  etc. ;  the  other,  an  apparently 
specific process, in which the falling out or inactivation of the in- 
hibiting substances  appears  to  be  the  result  of  the  change of  the 
colloidal conditions of the media,  resulting from the specific com- 
bination of the antigen of the substratum with the antibody of the 
patient's  serum,--a  reaction  which is  probably  identical with  that 
recorded also  by the stalagmometer in  the experiments of  Ascoli. 
The serum deprived of antitrypsin undergoes autodigestion, which 
is  evidenced in the Abderhalden test  by the appearance  of  dialyz- 
able substances. 
The  interaction  between  the  substratum  and  the specific  serum 
is  in  general  comparable  to  the  interaction  between  antigen  and 
antibody  in  other  immunity  reactions,  inasmuch  as,  apart  from 
appearance  of  dialyzable  substances,  the  substratum  seems  to  un- 
dergo changes in the Abderhalden test identical with those of erythro- 
cytes when acted upon by hemolytic amboceptor; namely, the sub- 
stratum anchors the specific constituents of the immune serum, thus 
becoming sensitized.  Such a  sensitized  substratum  was  found to 
be able  to  induce autodigestion in any  fresh normal serum  (com- d.  Bronfenbrenner.  237 
plement),  and  thus  the  important findings  of  Stephan  (II)  as  to 
the  part  played  by  complement  in  the  Abderhalden  test  can  be 
easily explained.  The heated serum containing only antibody  (as 
the  normal  proteolytic  ferments  were  destroyed by  heat)  retains 
the  property  of  sensitizing  the  placenta.  Upon  the  addition  of 
guinea pig complement a sensitized placenta, by removing the serum 
antitrypsin from the guinea pig serum, liberates the proteolytic fer- 
ment of the guinea pig complement, which in turn may digest the 
globulin not only of the serum of the guinea pig, but also of that of 
inactivated human serum, thus giving rise to dialyzable substances. 
The  fact that a  sensitized placenta  can  induce the  digestion  of 
the  globulin  in  fresh  serum  (complement)  by  its  proteolytic  fer- 
ments,  thus  destroying  what  is  supposed  to  be  the  mid-piece, 
may account for my observation that the complement is  found to 
be inactivated whenever the Abderhalden test  is  positive.  This  is 
the subject of further study at present.  It is thus possible that the 
complement fixation phen'omenon is  merely another expression  of 
the  same  reaction which by  Abderhalden is  recorded through the 
ninhydrin test.  Considered  from  this  point  of  view,  the  Abder- 
halden theory does not seem to contribute anything essentially new 
to the explanation of  the protective processes  which take place in 
the body as a result of parenteral introduction of protein, but simply 
offers a  new and effective indicator, by which the existence of the 
protective substances of Ehrlich can be recorded in vitro. 
SUM MARY. 
I.  The Abderhalden reaction is specific. 
2.  The properties of serum on which it depends develop in experi- 
mental animals simultaneously with antibodies during the process of 
immunization. 
3.  It is  impossible to observe by direct methods the presence of 
digesting ferments in the blood of immune animals. 
4.  The  Abderhalden test  may be  resolved  into  two  phases.  A 
dialyzable substance appears in the second phase and is the result of 
the autodigestion of serum. 
5.  The autodigestion of serum in the Abderhalden test is due to 
the  removal of  antitrypsin  from  the  serum by the  sensitized  sub- 
stratum. 238  Mecha~ism of Abderhalden  Reaction. 
BIBLIOGRAPHY. 
I.  Flatow, L., Mi~nchen. reed.  Vdchnschr.,  1914, lxi, 468. 
2.  Flatow, ibid., p. 6o8. 
.3.  Flatow, ibid.,  p.  1168. 
4.  Herzfeld,  E., Biochem. Ztschr.,  1914, Ixiv,  lO3. 
5.  Kjaergaard,  S., Ztschr. f.  ImmunitStsforsch.,  Orig.,  1914, xxii, ,31. 
6.  Plaut,  F., Mi~nchen.  reed.  Wchnschr.,  1914, lxi, 238. 
7.  de Waele, H.,  Ztschr.  f. Immunitdtsforsch.,  Orig.,  1914, xxii,  17o. 
8.  Hei|ner,  E., and  Petri,  Th., Mi~nchen. reed.  Wchnschr.,  1913, Ix,  153o. 
9-  Weinland, E., Ztschr. f. Biol.,  19o7, xlvii, 279. 
IO.  Abderhalden, E., Abwehrfermente,  4th  edition, Berlin,  1914, 58. 
II.  Stephan,  R., Mi~nchen. reed.  Wchnschr.,  1914, lxi, 8Ol. 
12.  Hauptmann,  A., Mi~nchen.  reed.  Wchnschr.,  1914, lxi,  1167. 
13.  Bettencourt,  N., and Menezes, S., Compt. rend. Soc. de biol., 1914, lxxvii,  162. 
14.  Kumagai, cited by Abderhalden,  loc.  cir., p.  154. 
15.  Abderhalden, loc. cir., p. 205. 
16.  Bronstein,  cited by Schawlow,  A., Mi~nchen.  reed.  Wchnschr.,  1914, lxi,  1386. 
17.  Schwarz,  H., Interstate Med. Jour., 191,3, xx, 393. 
18.  Lange,  C., Biochem. Ztschr.,  1914, lxi, 19,3. 
19.  Schlimpert, H.,  and Issel, E., Mi~nchen. reed.  Wchnschr.,  1913, lx, 1758. 
2o.  Abderhalden,  E.,  and Wildermuth, F., Mi~nchen. reed. Wchnschr., 1914, lxi, 862. 
2I.  de Wade, H., Mi~nchen. reed. Wchnschr.,  1914, lxi, 364. 
22.  Frank,  Rosenthal,  and  Biberstein,  cited  by  yon  Domarus,  A.,  and  Barsieck, 
W., Mi~nchen. reed.  Wchnschr., 1914, lxi, 1553. 
23.  Abderhalden,  E.,  Mi~nchen.  reed.  Wchnschr.,  1914, Ixi, 861. 
24.  Schwartz,  O.,  Wien. klin.  H/chnschr.,  19o9, xxii, 1151. 
25.  Peiper, A., Deutsch. reed.  Wchnschr.,  1914, xl, 1467. 